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Abstract 
The paper describes the mechanism of changes in wall ceramics physical-mechanical properties and structure when additives of 
various types and quantities are doped. The authors come to the conclusion that composite modifications of ceramic mixtures 
improve their molding properties, reduce the firing temperature for 150-2000°С and increase resistibility and frost resistance of 
end products. These composition additives consist of crushed glass fine powder mixed with oil sludge in 1/5 proportion.  
The paper proves that these composition additives 30-35% reduce energy consumption in wall ceramics production and provides 
wall ceramics of high quality for civil and industrial engineering. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The urgent need to keep the produced electric power heat in buildings and constructions is the consequence of the 
rise in price of energy carriers. Regions with hot climate need to reduce costs of conditioning and aeration. Creation 
of energy effective buildings can become one of solutions of a problem of rational use of energy resources and 
energy consumption decrease. Activities on energy efficiency increase are successfully conducted in Europe. 
According to various data, about 2 to 10 thousand of such houses have been constructed in the Western European 
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countries. Leaders of this movement are Denmark, Germany and Finland which confirmed target state programs on 
energy saving and construction of energy saving buildings. According to Fund of Assistance of Housing and 
Communal Services Reformation, 29 energy-efficient houses are being designed and constructed, 19 houses have 
been constructed and commissioned for operation in Russian regions nowadays (Belgorod, Ufa, Kazan, Angarsk, 
etc.) [1,2,3]. The law, dated January 13, 2012 No. 541-IV "About energy saving and increase of energy efficiency" 
was introduced in the Republic of Kazakhstan. Moreover, the Government project of the Republic of Kazakhstan 
called "Power effective design and construction of facilities" under  United Nations Development Programme  and 
Global Ecological fund has been launched.  New inexpensive materials made of local raw material resources of a 
natural and technogenic origin are required for the realization of these state important tasks. 
Production operation of the oil processing and oil and gas extraction enterprises leads to inevitable negative 
impact on environmental objects, therefore environmental protection issues and rational use of natural resources 
become urgent. Oil sludges are one of the most dangerous pollutants practically for all environment components - 
surface and underground water, vegetation and top soil, atmospheric air. 
The problem of rational processing of oil sludge is urgent nowadays. The enterprises which produce oil sludge as 
waste product, solve environmental problems in different ways. Some, at best, preserve oil sludge in special 
containers, bury them in the soil or water reservoirs. 
2. Analysis of oil sludges use as technological additives  in production of  construction materials in 
Kazakhstan 
The analysis of oil production, development, and transportation and storage enterprises in Kazakhstan showed 
that the main volume of oil sludges is formed:  
in  oil and oil-product tanks of temporal storage; 
in oil storage pit of  oil-extracting and oil pumping enterprises; 
at the oil refinery enterprises during the treatment  of oil water effluents. 
Oil sludges of the above-mentioned enterprises are partially utilized on special technological installations [4] 
which provide final products - raw materials for bitumen or commercial road bitumen. There are other technological 
solutions, among which the most effective are research and development of Ufa state oil technical university [5-7]. 
Its innovative solutions prove that it is possible to use residue of liquid-phase thermolysis of oil sludges in 
costruction materials production. 
Research results of Ufa state oil technical university showed that the half of fixed residual practically consists of 
basic sediments (ash-content - 45-65%wt), has low mechanical durability, water repellent and can be used as fuel for 
boiler rooms, or as construction materials components. 
Authors have confirmed that storage of oil-sludges of various origin leads to congruity of their physical and 
chemical characteristics as a result of gradual neutralization of their component structure. Studying of physical and 
chemical properties of hydrocarbon part of oil sludges showed their proximity to properties of heavy oil fractions 
that gives the chance of their use as boiler fuel, both with preliminary processing, and without it. 
Thus, the analysis of research and practical development on utilization of oil sludges confirms unbiased necessity 
for conducting additional multi-method research in order to prove the possibility of their implementation in the 
production of construction materials. One of the upcoming trend is use of oil sludges as technological additives 
(inflating, fuel-bearing, plastifying, etc.) in production of such widespread construction materials as agloporite, 
expanded clay and a ceramic brick that are in great demand nowadays [8,9,10]. School of thought originated in 
Samara state university of architecture and civil engineering possesses a wide experience of use of industrial waste 
in production of construction materials [11-24]. 
 
898   Anna Yu. Zhigulina et al. /  Procedia Engineering  111 ( 2015 )  896 – 901 
Fig. 1 Dicharge of waste waters after oil processing. 
3. Research of the possibility of introduction of oil sludges in ceramic mass  
Nowadays raw materials base of the existing brick plants of the Republic of Kazakhstan is focused on loess-like 
loams and loesses, which considerable reserves are widespread in all regions of the Republic. Method of plastic 
moulding is used for production output. 
The specified raw materials are characterized by low dispersion, small or moderate plasticity, high sensitivity to 
drying and non sintering ceramic body. Products made of such clay raw materials without special additives have low 
indicators of durability (5,0 – 7,5 MPa) and cold resistance property (less than 15 cycles). 
Poor quality and instability of chemical composition of sand loam makes full-functional structure formation 
under high temperatures of firing (t = 1000…1050 °С) impossible that leads to formation of the imperfect crystal 
structure responsible for ensuring operational properties of a ceramic body [25]. 
Therefore, the purpose of our research is proving the possibility of introduction of oil sludges at a stage of 
formation of a ceramic brick from low-quality loess-like loams as a multifunctional (plastifying and fuel-bearing) 
additive. Nowadays coal is used as a fuel-bearing additive in production of a ceramic brick at the majority of brick 
plants of the Republic of Kazakhstan.  
Joint stock company “Atyrausk Oil Refinery” was chosen as the object of research. 
Samples of oil sludges from various depths of oil sludge cutting pits were chosen for experimental research. They 
were averaged by mechanical mixing. Oil sludges have following characteristics after averaging:  
x rated viscosity  at 80 о С  - 2,11;  
x density at 20 о С, - 960 kg/m3;  
x content of oil products o 34,5 - 37.6% wt,  
x content of water - 48-56,4% wt,  
x content of mechanical impurities 4,3 - 4,6% wt.   
There are natural emulsifiers in oil sludge as well as in heavy still bottoms - pitches, asphaltenes, high-melting 
paraffin. 
Oil sludge was added to ceramic mass in a natural form in quantity of 3,0 to 15,0% of the mass of dry 
components. Firing of samples was made in the electric muffle furnace at a temperature of 9500С with a rate of  
temperature rise  - 1,50С per minute. The endurance under firing finite temperature was 1 hour.  
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The received samples were subjected to physical and mechanical tests. Structures of ceramic masses and results 
of pilot studies are presented in Table 1. 
Table 1. Physical and mechanical properties of ceramic masses. 
№ 
Crude mixture components Shrinkage, % Compressive 
strength, MPа Water absorption, % 
Average density, 
g/sm3 Sand clay Oil sludge Air Fire 
 97,0 3,0 3,21 5,34 12,32 26,51 1,42 
 95,0 5,0 3,75 5,67 12,24 27,92 1,41 
 93,0 7,0 3,86 6,41 11,52 28,4 1,39 
 90,0 10,0 4,24 6,78 8,71 29,73 1,31 
 85,0 15,0 4,72 7,15 7,21 31,6 1,28 
4. Conclusion 
Results of research show that with increase of oil sludge contents the indicator of fire shrinkage increases 
considerably. If oil sludge constitutes 15,0%, average value of firing shrinkage is 7,15%. 
The results of pilot studies prove the possibility of producing a construction ceramic brick with a density of 
1,455-1,272 g/cm3 and with the durability of 7,0-12,0 MPa. According to standard requirements the brick with such 
indicators can be regarded as effective. Use of oil sludges as a part of ceramic masses is possible without special 
preparatory technological processes that provide utilization of considerable volume of oil sludge.  
These are the following processes that occur during the heat processing of raw composition:  
process of firing of oil sludge in a product which reduces the temperature difference in the center and on the 
surface of products, and intensifies the process of  products sintering; 
the  duration of combustion is reduced due to internal combustion of oil sludge because molded clay brick is fired 
faster than  raw clay brick, molded as a prototype model;  
furnace temperature rises that decreases energy consumption at the firing stage; 
fusible eutectics appear due to interaction of small particles of loess-like loams and finely-divided mechanical 
impurities in oil sludge, that leads to glass phase formation under temperature. As a result, the structure of ceramic 
body is reinforced sintered backbone made of glass and crystal phases with porous microstructure, that foster 
reduction of firing temperature, average density and thermal conductivity, preserving strength indexes of fully 
processed products. 
Comparative characteristics of products obtained by the suggested method and conventional technology, 
presented in Table 2.  
Table 2. Comparative characteristics of ceramic products. 
Methods of 
production 
 
Firing temperature, 
0 С 
Average density,    
kg/m3 
Thermal 
conductivity, 
W/mК 
Strength 
compression, 
MPa 
Bending, 
MPa 
Suggested method 950-970 1400-1450 0,3-0,38 10,4 – 11,7 2,1-2,3 
Prototype 1050- 1100 1600-1700 0,4-0,5 11,2-12,5 2,3-2,6 
 
The analysis of experimental data showed that the suggested method allows to reduce the firing temperature 
down to 100-1400С, average density down to 12,5-14,7 %, thermal conductivity down to 25-26 in comparison with 
the prototype. Strength indexes remained the same.  
The suggested method allows producing a ceramic material that fulfills defending, bearing and heat-protective 
functions.  
The research results can be basic for sustainable technologies development of ceramic brick production, using oil 
industry wastes.  
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